Objective: To compare the neonatal outcome of infants delivered before 39 weeks' gestation following documentation of fetal lung maturity before and after the lamellar body count (LBC) threshold was increased from 30 000 to 50 000 LB/ul. We discuss the algorithm employed for testing fetal lung maturity, the cost of testing and potential savings.
Introduction
The American College of Obstetrics and Gynecology (ACOG) recommends documentation of fetal lung maturity when an elective delivery is performed before 39 completed weeks of gestation.
1 ACOG also suggests the option of amniocentesis for assessment of fetal lung maturity if earlier delivery is considered. 1 In January of 2001, we implemented a new algorithm for testing amniotic fluid for lung maturity studies at our institution. The important change was the use of an automated count of lamellar bodies (LBC) as an inexpensive, rapid first step 2 ( Figure 1 ). In 2003, our pathology department changed the threshold criteria for diagnosing fetal lung maturity from an amniotic fluid LBC of 30 000-50 000 lamellar bodies per microliter. 3 The purpose of our study was to compare the neonatal outcome of infants delivered before 39 weeks' gestation after documentation of fetal lung maturity before and after that change. In addition, we discuss the algorithm we use for testing of fetal lung maturity including the cost of testing and potential savings derived from using this algorithm.
Materials and methods
Our study population included all infants delivered electively before 39 weeks' gestation after documentation of fetal lung maturity by amniotic fluid analysis. All deliveries took place at Miami Valley Hospital in Dayton, Ohio between 4 January 2001 and 30 December 2004. The algorithm we used to assess fetal lung maturity has been published elsewhere 4 and is described in Figure 1 . Lamellar body counts were performed on either a Coulter STKS or Coulter HmX instrument using the platelet channel results. Correlation studies were performed to insure that the instruments performed similarly. All testing was performed on fresh amniotic fluid specimens. Specimens with gross meconium contamination were not tested. During the first stage of the study, LBCs were compared to lecithin (phospatidylcholine) to sphingomyelin (a sphingolipd) ratios (L/S ratios) and the presence of phosphatidyl glycerol (PG) as determined by thin layer chromatography for the determination of cutoff values. During that period, all amniotic fluid specimens were centrifuged per specimen requirements for thin layer chromatography (1000 r.p.m. for 3 min). Cutoff values were established as follows for centrifuged specimens: mature >30 000 LB/ul; immature <15 000 LB/ul; and borderline 15 000-30 000 LB/ul. Beginning in February of 2003, we changed the LBC criteria based to a published consensus protocol on LBCs. 3 The new cutoff values were: mature >50 000 LB/ul; immature <15 000 LB/ ul; and borderline, 15 000 to 50 000 LB/ul. Based on the new protocol, these studies were performed on uncentrifuged specimens. 3 Verification of the new cutoff values was performed by comparing the uncentrifuged LBC against both the L/S ratio and PG by thin layer chromatography and LBC performed on centrifuged specimens. As per our algorithm, amniotic fluid samples where LBC values fell in the borderline range were then tested using fluorescence polarization (TDX-FLM II), a method based on competitive binding of a fluorescent probe to albumin and surfactant, where an automated analyzer measures the polarization ( Figure 1 ). The samples that fell in the borderline range of this test were studied for L/S ratio and the presence of PG. 4 We then compared the outcome of neonates born before and after the LBC (LBC) threshold was increased from 30 000 to 50 000 lamellar bodies per microliter.
Neonatal outcome parameters included Apgar scores at 5 min, umbilical cord blood gases, birth weight, need for neonatal resuscitation, admission to neonatal intensive care unit (NICU), diagnosis of respiratory distress syndrome (RDS), transient tachypnea (TTP) or other conditions requiring respiratory assistance, and length of stay. We defined neonatal complication as admission to the NICU, requirement of respiratory assistance, and/ or hospital length of stay greater than 4 days. Cost analysis of testing and neonatal care was calculated based on the 1 January 2005 Miami Valley Hospital laboratory charges, pediatric ventilatory charges and intensive care nursery charges.
Statistical analysis was performed using Graphpad Software (Graphpad Software Inc., San Diego, CA, USA); we used the twotailed t-test and two-tailed Fisher's exact test for continuous data, and w 2 analysis for ratios. A P-value of 0.05 was considered significant. The study was approved by the Institutional Review Board.
Results
Our cohort included 527 consecutive infants delivered before 39 completed weeks' gestation whose antenatal lung maturity studies indicated maturity. They were divided into two groups: 264 who underwent fetal lung maturity studies before the change in LBC threshold and 263 who underwent this test after the change. The pregnancies of 41 women (16%) in the first group and 47 (18%) in the second group were complicated by diabetes (P ¼ 0.57). The average gestational age at the time of amniocentesis was similar in the two groups (36.5 weeks in the first group and 36.2 in the second, P ¼ 0.72) ( Table 1 ). The mode of delivery was also similar between the two groups: 173 women (65.5%) in the first group and 177 (66.3%) in the second delivered vaginally, and the rate of cesarean deliveries was 34.5 and 33.7%, respectively.
The results of the lung maturity studies in each group are summarized in Table 2 . In the first group, 158 neonates met the criteria of LBC >30 000 and were delivered without further testing. In the second group, 154 of the 263 samples (58.5%) were mature by LBC and were delivered. The total number of mature results was Figure 1 Lamellar body count algorithm. Changes in the threshold of fetal lung maturity testing G Ventolini et al 362 (69%), 175 (66%) in the first group and 187 (71%) in the second group (P ¼ 0.233). Of these mature results, 158 (90%) of the samples in the first group and 154 (82%) in the second group were found to be mature by the first step of the algorithm, the rapid LBC method. The change in the LBC threshold was associated with a significant improvement in neonatal outcomes: seven of the neonates born to women in the first group required admission to the NICU, while in the second group only two required NICU admission (P ¼ 0.04) ( Table 3 ). Additionally, 16 neonates from the first group required respiratory assistance; three were diagnosed with RDS and 13 developed TTN. In the second group, six developed TTP and there were no cases of RDS (P ¼ 0.03). These cases of neonatal respiratory complications were stratified according to the gestational age at delivery and LBC; we found no change in the risk of these complications as the gestational age advanced (Table 4 ). The length of neonatal stay was also significantly different between the two groups; 12 infants in the first group and four in the second were not discharged by 4 days of life. (P ¼ 0.04) The overall neonatal complications rate was significantly higher in the first group: 35 neonates (20%) compared with 12 (6.4%) in the second group (P ¼ 0.001).
Discussion Despite ACOG's recommendation to avoid elective deliveries before 39 weeks without documentation of fetal lung maturity, many obstetricians continue the practice of elective deliveries at 37-38 weeks' gestation. Our findings, that three of the neonates who met the criteria for mature fetal lungs (before the change in LBC threshold) required admission to the NICU owing to RDS, emphasize the importance of avoiding such early deliveries. This conclusion was corroborated by Stutchfield et al. 5 who recently reported that delaying cesarean deliveries until 39 weeks' gestation reduces the rate of admissions to special care neonatal units owing to respiratory distress.
The change in the LBC threshold required for the diagnosis of fetal lung maturity was suggested by a consensus protocol published by Neerhof et al. 3 in 2001. Based on their protocol the methodology for LBC was standardized and maturity was defined as a count of 50 000 LB/ul or greater. This change was consistent with the results of a meta-analysis published in 2001 that compared the performance of the L/S ratio and the LBC in the prediction of neonatal RDS, and found that the performance of the LBC was slightly superior. 6 The authors recommended that the LBC, which can be performed faster and less expensively, become the test of first choice in the assessment of fetal lung maturity. 6 As shown in our study, the change in the definition of maturity from a LBC of 30 000 to 50 000 LB/ul resulted in a significantly decreased rate of neonatal complications.
The algorithm we use for testing fetal lung maturity, described in Figure 1 , is based on the consensus recommendation. 3 The first step is an automated LBC. This test is performed by an automated cell counter found at the hematology laboratory in any hospital. Results are usually available within 1 h of the amniocentesis. Alternatively, the LBC can be performed manually: in a recent study by Hunter et al.,
7 the authors reported a good correlation between determinations of LBC by light microscopy compared with the standard coulter technique. The actual cost of the automated procedure at our hospital is $27.96; the hospital charges $39.00. The second step, the Abbott TDx-FLM II, 8 requires special laboratory equipment and takes longer to complete (between 4 and 6 h), mainly due to the availability of the special equipment required. The cost of this test is similar to that of LBC. The third step of the algorithm, the combination of L/S ratio 6 and PG, 9 10 recently reported that LBC and TDx-FLM were equally accurate, and that there was a significant correlation among the L/S ratio, presence of PG in the amniotic fluid, LBC and TDx-FLM. Employing the algorithm we described for analyzing amniotic fluid samples results in a significant monetary saving. Elective delivery of a neonate before 39 completed weeks' without documentation of lung maturity may result in much greater costs; in our institution, the average cost per daily neonatal ICU stay is $790. In addition, there are many associated costs, especially when respiratory assistance is required. For example, the initial charge for ventilator set-up is $476.00, with an additional charge of $111.00 for every hour the ventilator is used. Even newborns that do not require respiratory assistance accumulate multiple charges, such as a daily charge of $43.81 for 'supplies'. In general, avoiding the costs associated with delayed neonatal hospital discharge, even when the newborn is kept for 'observation' in the regular nursery, results in significant savings. Our results concur with the recommendations of Stutchfield et al. 5 who suggested that delaying delivery until 39 weeks and the administration of betamethasone reduce the rate of admission to neonatal special care units due to respiratory distress after elective cesarean section at term. 5 More important than the financial savings achieved by avoiding the delivery of newborns with immature lungs are the benefits of providing good medical care to newborns and their families. Other non-monetary benefits of documenting fetal lung maturity before an elective early delivery include decreasing the family's emotional hardship and limiting the risk of litigation. Following the algorithm we described for testing fetal lung maturity is cost effective, and more importantly, represents sound evidence-based medical management. Changes in the threshold of fetal lung maturity testing G Ventolini et al
